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We report a study of physical properties of two quasi-low dimensional metals YNiC2 and LuNiC2
including the investigation of transport, magnetotransport, galvanomagnetic and specific heat prop-
erties. In YNiC2 we reveal two subsequent transitions associated with the formation of weakly
coupled charge density wave at TCDW = 318 K, and its locking in with the lattice at T1 = 275
K. These characteristic temperatures follow the previously proposed linear scaling with the unit
cell volume, demonstrating its validity extended beyond the lanthanide-based RNiC2. We also find
that, in the absence of magnetic ordering able to interrupt the development of charge density wave,
the Fermi surface nesting leads to opening of small pockets, containing high mobility carriers. This
effect gives rise to substantial enhancement of magnetoresistance, reaching 470 % for YNiC2 and 50
% for LuNiC2 at T = 1.9 K and B = 9 T.
I. INTRODUCTION
The large variety of unique physical phenomena offered
by quasi low-dimensional systems arouse the unfading in-
terest of researchers exploring the field of condensed mat-
ter physics. Large anisotropy of the electronic structure
is a precursor for the Peierls transition towards charge
density wave (CDW) with electronic carrier condensa-
tion and Fermi surface nesting1–3. Low dimensionality
has been suggested to play a crucial role in high temper-
ature superconductivity while charge density wave has
been found to emerge in all the phase diagrams of the
cuprate superconductors4–7. This fact additionally am-
plifies the interest in the interactions between various
types of electronic, quantum, and magnetic ordering8–13.
Recently, extensive attention has been devoted to the
family of ternary carbides RNiC2, where R is rare earth
element. This group of materials offers the rare opportu-
nity to tune the magnetic ground state via replacement
of the rare earth atom (the nickel atoms carry no mag-
netic moment). Most of the lanthanide-based members
of this family are antiferromagnets (R = Ce, Nd, Gd,
Tb, Dy, Ho, Er and Tm) with Ne´el temperature vary-
ing from 3.4 K for HoNiC2 to 25 K for TbNiC2
14–19;
SmNiC2 is a ferromagnet with TC = 17.5 K
16, PrNiC2
shows a weak magnetic anomaly at T ∗ = 8 K, LaNiC2
is a noncentrosymmetric superconductor with Tc = 2.9
K20–24 while LuNiC2 was recently reported as a plain
paramagnet down to 1.9 K19. Furthermore, most of the
RNiC2 compounds (with the exception of R = La and
Ce) show charge density wave with Peierls temperature
(TCDW ) not only higher than TN , TC and T
∗, but exceed-
ing 300 K for the late lanthanides (R = Ho - Lu)25–29.
So far, the charge density wave has never been found
in RNiC2 compounds, with R outside of the lanthanide
group. The electronic structure calculations however,
have revealed the resemblance between the Fermi surface
topology of YNiC2
30 and lanthanide-based RNiC2
19,28
showing CDW. Alas, the fermiology of this compound
has not been discussed in the terms of nesting.
Remarkably, magnetic ordering has been found to mu-
tually interact with the CDW; in SmNiC2 the ferromag-
netic transition destroys the charge density wave31–33,
while in NdNiC2 and GdNiC2 antiferromagnetism only
partially suppresses the CDW, and both entities coex-
ist below TN
34–37. On the other hand, this magnetic
anomaly has been found to enhance the nesting proper-
ties in PrNiC2
34,37 and some signatures of a construc-
tive influence of CDW on AFM were recently observed
in GdNiC2
35,36, Nd1−xGdxNiC2
38, and Nd1−xLaxNiC2
39
despite the clear competition between these types of or-
dering. For the majority of the the RNiC2 family mem-
bers, the CDW state is influenced (mostly suppressed)
by magnetism, and therefore the Fermi surface nesting is
partially or even completely disturbed.
In this paper we study the physical properties of para-
magnetic YNiC2 and LuNiC2 in order to explore the con-
sequences of a pure and fully developed Peierls transition
in RNiC2 in the absence of magnetic ordering. We report
for the first time the charge density wave in YNiC2 with
TCDW = 318 K followed by a putative lock-in transition
at T1 = 275 K. We also observe the large positive and
remarkably linear magnetoresistance, which at the low-
est temperatures reaches 470 % for YNiC2 and 50 % for
LuNiC2 with no signs of saturation up to B = 9 T. By
detailed analysis of magnetotransport and galvanomag-
netic properties we find that this effect stems from the
multiband character of the electrical conductivity and
existence of the high mobility pockets remaining in the
Fermi surface after uninterrupted, yet imperfect nesting
characteristic for quasi-2D metals undergoing a Peierls
transition1–3.
II. EXPERIMENTAL
The polycrystalline samples of YNiC2 and LuNiC2
were synthesized by arc melting of elemental precursors
(no excess of Y or Lu was added) followed by annealing at
900o C, according to the procedure described in detail in
2ref.37. Powder x-ray diffraction (pXRD) was conducted
with PANalytical X’Pert PRO-MPD diffractometer using
Kα line of Cu spectrum. Experimental data was analyzed
with the use of Fullprof software40.
All the physical properties measurements were per-
formed with a commercial Quantum Design Physical
Properties Measurement System (PPMS) in the temper-
ature range from 1.9 to 400 K and magnetic field up
to 9 T. Thin (φ = 37µm) Pt wires serving as electrical
contacts for four-probe transport and Hall measurements
were spark-welded to the polished samples surfaces. The
magnetic field for Hall and magnetoresistance measure-
ments was oriented perpendicularly to the current direc-
tion. The Hall signal was measured with the reversal of
the direction of the magnetic field and corrected for the
parasitic longitudinal resistance component via antisym-
metrization of the measured data. Specific heat measure-
ments were conducted with a standard relaxation method
on flat samples with polished surfaces. Apiezon N grease
was used as a heat conducting medium for measurements
in temperature range 1.9 K - 300 K. Since Apiezon N
reveals a glass transition above 300 K,41,42, the data
collection at elevated temperatures was performed with
Apiezon L.
III. RESULTS AND DISCUSSION
A. X-ray diffraction
The quality and phase purity of polycrystalline YNiC2
and LuNiC2 samples were confirmed with pXRD. The
analysis of the obtained diffraction patterns, shown in
Fig. 1 revealed that the observed peaks for both
compounds are successfully indexed in the orthorombic
CeNiC2-type structure with space group Amm2 (#38).
Only for LuNiC2, additional reflections corresponding to
Lu4Ni2C5 impurity phase were detected. From the com-
parison of the highest peaks corresponding to main and
impurity phases respectively, we have estimated the rel-
ative amount of Lu4Ni2C5 to 9%. The pXRD results
for both RNiC2 compounds were analyzed by LeBail re-
finement which revealed lattice constants of YNiC2: a =
3.5733(1) A˚, b = 4.5082(1) A˚, c = 6.0351(1) A˚ and of
LuNiC2: a = 3.4468(1) A˚, b = 4.4734(2) A˚, c = 5.9787(2)
A˚. These structural parameters are in good agreement
with previous reports19,43.
B. Transport and magnetoresistance
The thermal dependence of the resistivity of YNiC2
and LuNiC2 is depicted respectively in panels a and b
of Fig. 2. At high temperatures, the transport prop-
erties of YNiC2 show a regular metallic behavior with
the resistivity lowering as the temperature is decreased.
At T = 318 K a local minimum followed by a hump is
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FIG. 1. Powder x-ray diffraction patterns (black open points)
with LeBail fit refinement (blue solid line) for YNiC2 (a) and
LuNiC2 (b). Bragg peak positions for YNiC2 and LuNiC2
phases are marked by vertical violet lines. Similar, yet green
lines in panel (b) apply to the impurity phase Lu4Ni2C5.
Difference between observed and calculated pattern is rep-
resented by solid red line.
observed in ρxx(T ). At lower temperatures, the resis-
tivity returns to the metallic character with dρxx
dT
< 0.
Such behavior is typical of a Peierls transition in quasi-
2D metals, where the nesting is not complete and a cer-
tain number of free carriers remain in the Fermi sur-
face. One unusual feature here, however, is the sharp
decrease of the resistivity at temperatures slightly below
the maximum of ρxx(T ) indicated by an arrow in the
Fig. 2a. This stands in contrast to a smooth crossover
observed for canonical Peierls transitions44. To deter-
mine the character of this additional anomaly, we have
performed slow heating and cooling temperature sweeps
in the vicinity of the CDW transition (0.1 K/min). The
results, shown in the lower inset of Fig. 2a reveal the
presence of a narrow thermal hysteresis opening approx-
imately at T1H ≃ 285 K and closing at T1L ≃ 265 K.
The transition temperature is determined as the average
of T1H and T1L, giving T1 = 275 K. Such a first order
transition is expected for the preexisting incommensurate
CDW locking in with the lattice and transforming into a
commensurate modulation45 as reported beforehand for
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FIG. 2. (a), (b) Temperature dependence of the normalized electrical resistivity ρxx/ρxx(400K)(T) measured in magnetic fields
varying from 0 to 9 T for YNiC2 (a) and LuNiC2 (b) respectively. Upper inset of panel (a) depicits the resistivity of YNiC2 in
the low temperature limit. Fit to the data above superconducting transition with the equation 1 is shown with red solid line.
Lower inset of shows the thermal hysteresis limited from below and above with temperatures T1L and T1H respectively, in the
vicinity of the lock-in transition. Legend for pannels (a) and (b) is displayed on panel (b). (c) the characteristic temperatures
TCDW and T1 for YNiC2 and LuNiC2 compared with the analogous values for the other members of the RNiC2 family. The
solid lines correspond to the linear scaling with unit cell volume (V ), reported previously18. Green points correspond to the
YNiC2 and LuNiC2 compounds studied in this paper. The Peierls temperature for LuNiC2 has been determined in ref.
18,19,
while to the authors knowledge, there are no previous reports on CDW in YNiC2
the late lanthanide-based RNiC2
18,29. Interestingly both
the Peierls and presumed lock-in transition temperatures
stand in agreement with the previously proposed linear
scaling with the unit cell volume18, as shown in Fig. 2c.
One must, however, remember that despite the analogy
with the other RNiC2, an x-ray diffuse scattering experi-
ment performed with single crystals is required to deliver
an ultimate evidence of the lock-in nature of the transi-
tion seen at T1 = 275 K. An additional feature observed
in the low temperature resistivity curve is a decrease of
ρxx at T = 4 K (upper inset of Fig. 2a), reminiscent
of the onset of a superconducting transition. The ab-
sence of any signature of the bulk superconductivity in
specific heat at this temperature allows us to attribute
this anomaly to the presence of a trace amount of YC2
impurity46, not detected by x-ray diffraction. To esti-
mate the genuine value of ρxx for YNiC2 at lowest T , we
have fitted the temperature range 5 K < T < 50 K with
the power law:
ρxx = ρxx0 +AT
p, (1)
(where ρxx0 is the residual resistivity and exponent p
depends on the prevailing scattering mechanism) and ex-
tended the obtained function to lowest temperature.
For LuNiC2 (see Fig. 2c) the character of the conduc-
tivity is metallic up to 400 K, in agreement with previ-
ous reports of a similar metal-metal CDW transition at
TCDW ≃ 450 K
18,19, which is beyond the upper tempera-
ture limit of the PPMS, thus not revealed by our current
measurement. Interestingly, despite that the CDW mod-
ulation wavevector determined previously for LuNiC2
19
differs from the vectors reported for R = Pr, Nd, Sm, Gd
and Tb29,31,34, the Peierls temperature corresponding to
Lu bearing compound (reported in references18,19) obeys
the scaling proposed for magnetic RNiC2
18 as well, which
is shown in Fig. 2c.
An external magnetic field has a negligible impact on
the transport properties in the normal state of YNiC2,
typical for a casual metal. On the other hand, the appli-
cation of B significantly increases the electrical resistivity
in the CDW state of this material. This is also true, how-
ever, to a lesser extent, for the CDW state of LuNiC2.
The magnetic field dependence of magnetoresistance de-
fined as:
MR =
ρxx(B)− ρxx(B = 0)
ρxx(B = 0)
· 100%, (2)
is presented in Fig. 3a and b for YNiC2 and LuNiC2, re-
spectively. For YNiC2, the MR curve for T = 1.9 K where
the zero field value of ρxx was estimated from equation
1 is close to the one measured for T = 5 K, above the
superconducting transition and where the ρxx is already
close to the residual value. This result confirms that, the
MR(B) curve for T = 1.9 K is not contaminated by any
spurious contribution that could stem from the super-
conducting impurity phase. At low field, the electrical
resistance of both compounds follows a MR∼ Bq depen-
dence on magnetic field. MR is subquadratic (q ≃ 1.4
at T = 1.9 K) for YNiC2 and approximately parabolic
(q ≃ 2.2 K at T = 1.9 K ) for LuNiC2. As the magnetic
field is raised, the character of MR(B) curves for both
compounds evolves towards a linear manner, without any
signs of saturation up to 9 T. The magnitude of the mag-
netoresistance increases as the temperature is lowered
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FIG. 3. (a)-(b) Magnetoresistance in YNiC2 (a) and LuNiC2 (b) as a function of applied magnetic field. (c)-(d) Kohler plots
of the magnetoresistance in YNiC2 (c) and LuNiC2 (d) Inset of panel (c) shows the low temperature range for YNiC2 (e)-(f)
Thermal dependence of the normalized Hall resistivity
ρyx
B
in YNiC2 (e) and LuNiC2 (f). The legend for (a), (b), (c) and (d)
is displayed on panel (a).
and at T = 1.9 K and B = 9 T reaches 470 % for the
former and 50 % for the latter compound, respectively.
Typically, the linear magnetoresistance term is described
by one of two prevailing models: the classical approach
of Parish and Littlewood based on mobility fluctuations
in inhomogeneous material47,48 or Abrikosov’s quantum
model used beyond the quantum critical limit, when only
a single Landau level is occupied49–51. In a CDW metal
however, the linear MR can also originate from the fluc-
tuations of the charge density wave order parameter en-
hancing the scattering in certain regions of the Fermi
surface52,53 or from sharp curves on the carrier path due
to nesting induced reduction of FS54. Another possible
scenario is that the linearity in MR originates from the
complicated geometry of the Fermi surface (which is addi-
tionally modified by nesting), containing both closed and
open orbits, which in a polycrystalline sample contribute
to MR with saturating and non-saturating signals55 re-
spectively.
It shall be noted that, such a large positive magnetore-
sistive effect has never been reported for any members
of the RNiC2 family. Typically, in RNiC2 compounds
exhibiting Peierls transition, MR shows a negative sign
due to partial or complete suppression of charge den-
sity wave, induced either by magnetic field or magnetic
ordering32,34–37,56. In YNiC2 and LuNiC2 however, no
signatures of magnetism has been found above T = 1.9
K.
The magnetoresistance can be discussed in the frame-
work of the semiclassical Kohler approach57. The pre-
diction of this model is that on the condition of uniform
scattering over the whole Fermi surface and a single type
of electronic carriers with constant concentration, all the
plots:
MR = f(ωcτ) = f
(
B
ρxx(B = 0)
)
(3)
(where τ and ωc are relaxation time and cyclotron fre-
quency, respectively) superimpose into a single line. The
plot of MR as a function of B
R0
(R0 is the zero field re-
sistance) for YNiC2 is shown in Fig. 3c. The devia-
tions from Kohler scaling, shown in Fig. 3c, are weak yet
5visible. Upon decreasing the temperature, the plots are
subsequently moved higher on the vertical scale (faster
increase of MR( B
R0
)) which is observed in a wide temper-
ature range above T = 40 K. For T < 40 K, curves are
pressed slightly lower (slower B
R0
growth), as depicted in
the inset of Fig. 3c. At lowest temperatures, where the
zero field resistance is already close to the residual value,
the curves superimpose (within the experimental resolu-
tion). As shown in Fig. 3d, for LuNiC2 the divergence
from Kohler’s scaling is even less pronounced but still
visible. The strongest effect is seen in the temperature
range T > TCDW2 , where the CDW gap is expected not
to be completely open yet3. This violation of the Kohler
rule can be attributed both to the reconstruction of the
Fermi surface due to nesting and to presence of more
than one type of carriers in the CDW state58,59. We sug-
gest that a stronger manifestation of the deviation from
the MR scaling could be observed at temperatures in the
close vicinity of TCDW as in tungsten bronzes also show-
ing Peierls transition60. This range is, however, beyond
the scope of our experimental equipment.
C. Hall effect
To explore the evolution of carrier concentrations, we
have examined the Hall effect for both compounds. The
thermal dependence of the Hall resistivity (ρyx) is de-
picted in Fig. 3e (YNiC2) and 3f (LuNiC2). For YNiC2,
ρyx
B
is almost temperature independent above TCDW . At
this characteristic temperature, the Hall resistivity shows
an abrupt downturn, indicating the loss of free electrons
due to the CDW condensation. The presumed lock-in
transition is indicated by a kink in
ρyx
B
(T ). At lower
temperatures, the Hall resistance shows a minimum and
then returns to less negative values. Previously, such
an effect was observed in magnetic RNiC2, and was at-
tributed both to the suppression of charge density wave
by the magnetic ordering and to the onset of the anoma-
lous component of the Hall effect33,35,37,56. Due to the
absence of long range magnetism in YNiC2, these two
terms appear to be irrelevant in this case. At temper-
atures below T1, the
ρyx
B
(T ) curves do not superimpose
into a single line which suggests that in the CDW state,
ρyx is not linear with B.
For LuNiC2 the Peierls temperature TCDW ≃ 450
K18,19, thus at 400 K, which is the maximum tempera-
ture limit of our experiment, the system is already in the
charge density wave state. All the curves reveal a kink
at T ≃ 355 K. Its origin is not clear, however, while this
weak anomaly is not detected by other measurements,
it might result from the experimental artifact instead of
being truly intrinsic to the sample. Another scenario is,
that this anomaly originates from the Lu4Ni2C5 impurity
phase. Similarly to YNiC2, the sign of ρyx is negative in
the whole temperature range, indicating the dominance
of electrons. This is not the only similarity between the
ρyx
B
curves for both compounds. Here we also find that
for LuNiC2 the Hall resistivity is also driven to more
negative values as the free electrons are condensed in the
CDW state, which is followed by the return of ρyx to close
to zero at lower temperatures. We find that the
ρyx
B
su-
perimpose at temperatures above approximately 250 K.
At lower temperatures, the plots do not coincide with
each other, indicating a nonlinearity of ρyx(B) also in
LuNiC2. Similarly to the case of YNiC2, further temper-
ature decrease leads to the upturn of the Hall resistivity,
which also cannot be attributed to magnetic ordering. A
plausible scenario to explain these features is the exis-
tence of more than one type of electronic carrier, orig-
inating from unnested pockets remaining in the Fermi
surface after imperfect nesting, a situation characteristic
of quasi-2D metals showing charge density wave1,2.
To obtain a more detailed picture of the electronic pa-
rameters, we have examined the magnetic field depen-
dence of ρyx. The results of field sweeps at constant
temperatures, shown in the Fig. 4a for YNiC2 and 4b
for LuNiC2 reveal a visible deviation of Hall signal from
linearity. In the absence of long range magnetic interac-
tions or ordering, this effect is a clear manifestation of
the multiband character of electrical conductivity61–65.
In the two-band model, the Hall resistivity is expressed
with equation (4)66:
ρyx
B
=
1
e
nhµ
2
h − neµ
2
e + (nh − ne)µ
2
eµ
2
hB
2
(nhµh + neµe)2 + (nh − ne)2µ2hµ
2
eB
2
(4)
where nh, ne, µh and µe are respectively concentrations
and mobilities corresponding to two (hole and electron)
conduction channels. The direct ρyx fit with eq. (4) gives
four dependent parameters, which may lead to misguid-
ing conclusions67. However, the high field limit of this
equation gives an approximate measure of the effective
carrier concentration neff
68, which will be discussed in
section D:
ρyx
B
=
1
e
1
nh − ne
=
1
e
1
neff
(5)
D. Multiband conductivity
More detailed information can be extracted by trans-
forming components of resistivity tensor ρyx and ρxx to
obtain Hall conductivity σxy via the following equation:
σxy(B) =
ρyx
ρ2yx + ρ
2
xx
(6)
In the multiband system, σxy is a superposition of the
terms originating from subsequent contributing bands.
Equation (6) can be then rewritten as69:
σxy(B) =
∑
i
σiµiB
1 + µ2iB
2
(7)
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The results of the analysis of Hall resistivity and conductivity: mobilities µH , µext and concentrations nH , neff plotted as a
function of temperature for YNiC2 (e) and LuNiC2 (f). The legend for (a), (b), (c) and (d) is displayed in panel (c).
Hall conductivity is commonly used to determine the
electronic parameters, since the extremum of σxy(B) is
a direct measure (or at least a good approximation in
a multiband system) of the dominant mobility µext cal-
culated from the inverse of the magnetic field Bext, at
which σxy peaks
70:
µext =
1
Bext
(8)
The Hall conductivity for both compounds is negative
in the whole temperature range and at low temperatures
shows a minimum, which for YNiC2 is visibly sharper
than for LuNiC2. The position of this minimum shifts
from high fields to lower values of B as temperature is
lowered. For YNiC2, the Bext is clearly defined, while the
broad extremum seen in LuNiC2 precludes the precise de-
termination of the peak position. Since the direct fitting
of σxy with equation 7 assuming one hole and one electron
bands once again requires using four dependent parame-
ters, for further analysis we have used an approach71,72,
in which we have assumed the existence of a single band
with high mobility carriers and the remaining band(s) to
show significantly lower mobility:
σxy(B) = nxyeµ
2
xyB
(
1
1 + µ2xyB
2
+ Cxy
)
(9)
Equation 9 allows the estimation of the mobility µxy,
and concentration nxy of this single ’fast’ band (pocket),
while other ’slower’ bands contribute to Cxy parameter.
The typical fits are shown by solid lines in panels c and
d of Fig. 4 respectively. We have found that σxy can
be reasonably well-described with equation (9) despite of
the fact that the zero field values of ρxx can be signifi-
cantly increased due to the polycrystalline character of
the samples.
The parameters derived from this procedure, as well as
the values of neff and µext, are summarized in Fig. 4e
for YNiC2 and 4f, for LuNiC2. The mobilities µext and
µxy coincide with each other for YNiC2, and both quan-
tities reach very large values of 7 · 103 cm2 V−1 s−1 at T
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FIG. 5. Cxy parameters resulting from least square fit of
σxx with equation 9 for YNiC2 (red color) and LuNiC2 (blue
color).
= 1.9 K. The electronic mobility µxy of LuNiC2 is twice
as small as in the case YNiC2, yet still considerable. The
coincidence of µxy and µext is an additional argument
for the correctness of the value calculated from σxy. It
shall be, however, noted that, next to the increase of the
residual resistivity, the polycrystalline samples character
is expected also to substantially lower the electronic mo-
bility in comparison with the single crystal.
As seen in Fig. 4e and f, for both compounds, the
concentration of the carriers originating from the high
mobility band increases as temperature is lowered. The
growth of nxy is concomitant with the decrease of the ef-
fective carrier concentration neff below Peierls temper-
ature. This is consistent with the nesting picture: while
the majority of electrons are removed from the conduct-
ing band and condenses towards CDW, the parallel open-
ing of unnested pockets results in the increase of the high
mobility carriers. Interestingly, while the results of the
σxy analysis suggests the electron origin of the carriers
described with concentration nxy, the upturn of Hall re-
sistivity and neff at lowest temperatures can possibly be
caused by the existence of holes with not so large mobil-
ity, thus contributing only to Cxy parameter in equation
(9). The temperature interval in which this effect is ob-
served corresponds to the range in which the a turnover
of deviations from Kohler scaling is observed in YNiC2
(inset of Fig. 3c).
The Cxy parameter serves as an estimate of the ra-
tio of the conductivities stemming from ’slow’ to ’fast’
bands respectively. Thermal dependence of Cxy for both
compounds is shown in figure 5. For both compounds,
the values of this parameter show values close to unity
at high T and decrease as temperature is lowered. Cxy
reaches ≃ 0.001 for YNiC2 and ≃ 0.1 for LuNiC2. Small
upturn is seen at low temperatures at low temperatures,
which can be associated with the existence of an addi-
tional band as suggested above. The relatively low val-
ues of Cxy, especially in the former compound, underline
the major role played by the carriers originating from
the ’fast’ pocket in the terms of electronic transport and
show that the used approximate model can be used to
describe the properties of YNiC2 and LuNiC2.
The presence of both electron and hole pockets in the
CDW state of LuNiC2 is also consistent with the results
of band structure calculations19. Owing to the similar-
ities between the Fermi surfaces of YNiC2
30 and other
RNiC2 showing CDW, it is reasonable to assume the rel-
evance of the same scenario for Y bearing compound as
well.
The high mobility of carriers contained in these pockets
is then likely responsible for the high magnitude of MR in
both compounds. Opening of such pockets was reported
in a number of quasi-2D CDW materials showing strong,
yet imperfect Fermi surface nesting, leading to the en-
hancement of magnetoresistance73–76, themopower77,78
and galvanothermomagnetic properties79,80.
This result supports the scenario of strong Fermi sur-
face reconstruction in YNiC2 and LuNiC2, which is pos-
sible due to the absence of any competing magnetic or-
dering which was responsible for the CDW suppression
in majority of RNiC2 family members
32,34–37,56.
E. Specific heat
To complement the results of transport, magnetotrans-
port, and Hall experiments, and to further characterize
the CDW transition in YNiC2, we have measured the
specific heat Cp. Fig. 6a depicts the temperature depen-
dence of the specific heat capacity Cp(T ) in the temper-
ature range 1.9 - 300 K. At 300 K, Cp reaches approx-
imately 80% of the value expected by Dulong-Petit law
(3nR ∼ 100 J mol−1 K−1), suggesting that the Debye
temperature for YNiC2 exceeds 300 K.
No anomalies have been detected at low temperatures,
which confirms the absence of bulk superconductivity or
magnetic ordering. The specific heat data plotted as
Cp
T
vs. T 2 presented in Fig. 6b has been fitted to the equa-
tion (10) with both sides divided by T .
Cp = γT + βT
3 (10)
where the first and second terms represent electronic and
lattice contributions, respectively. The fit revealed values
of Sommerfeld coefficient γ = 1.65(1) mJ mol−1K−2 and
β = 0.326(4) mJ mol−1K−4, the latter corresponds to
the Debye temperature ΘD = 620 K according to:
ΘD =
(
12pi4nR
5β
) 1
3
(11)
where R = 8.314 J mol−1K−1 and n is the number of
atoms per formula unit (n = 4 for YNiC2). This value
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FIG. 6. (a) Specific heat of YNiC2 as a function of temper-
ature. The inset shows an expanded view on the vicinity of
the Peierls transition. The anomalies are marked with arrows.
Dashed line corresponds to the background subtracted to eval-
uate the excess specific heat corresponding to the transitions
- highlighted with light violet color. The high temperature
measurements were performed with Apiezon L grease - see
experimental section for details. (b)
Cp
T
(T 2) in the low tem-
perature region. Black solid line corresponds to the fit with
equation (10), divided by T on both sides.
is larger than the ΘD = 456 K reported previously for
YNiC2
81. The Debye temperature found here is also
larger than the value reported for LaNiC2 (ΘD = 445
K)82. Such behavior can be reasonably explained by a
mass relationship: for molar mass of Y smaller than La,
one expects higher ΘD.
Results of the detailed measurements of Cp(T ) above
room temperature are shown in the inset of Fig. 6a.
The Peierls transition is signaled by a small maximum of
Cp(T ) at T = 310 K, being in rough agreement with the
transition temperature TCDW established from resistivity
measurements. The relative increase of specific heat at
the charge density wave formation temperature denotes
∆Cp
Cp(TCDW )
≃ 1.1%, thus is at the same order of magnitude
as in canonical CDW systems as NbSe3
83, K0.9Mo6O17
84,
or tungsten bronzes85.
The mean-field weak coupling description of the Peierls
transition predicts the specific heat jump of:
TABLE I. Thermodynamic parameters: relative increase of
specific heat
∆Cp
Cp(T )
, entropy ∆S and enthalpy ∆H at transi-
tion temperatures TCDW and T1 in YNiC2.
∆Cp
Cp(T )
(%) ∆S (mJ mol−1K−1) ∆H (J mol−1)
TCDW 1.1 30.6 9.4
T1 2.9 77.8 21.3
∆Cp
γTCDW
= 1.43 (12)
In the case of YNiC2, the equation (12) gives the value
of 1.79, slightly larger than the BCS prediction, indicat-
ing the relevance of a weak coupling scenario.
Visibly stronger and sharper anomaly accompanies the
presumed lock-in crossover at T1 = 275 K. Here the spe-
cific heat increases by
∆Cp
Cp(T1)
≃ 2.9%, with Cp(T1) es-
timated from the background. The magnitude of this
anomaly is noticeably larger than for the features typ-
ically observed at the incommensurate-commensurate
CDW transformation86,87.
The entropy ∆S and enthalpy ∆H of both anomalies
were estimated from the excess specific heat at each tran-
sition by integrating the
∆Cp
T
dT of and ∆CpdT respec-
tively, after evaluating and subtracting the background
values of Cp. The integrated regions are highlighted by
light violet color in Fig. 6a. The results of the integra-
tion of Cp excess accompanying the phase transitions are
summarized in Tab. I. While the size of ∆Cp step at
TCDW stands in agreement with the BCS predictions as
well as with the values found in other materials exhibit-
ing a weakly coupled charge density wave, we find an
unusualy low value of ∆S accompanying this transition.
This can be imposed by the high Peierls temperature,
resulting in a large denominator of
∆Cp
T
and thus small
result of the integral. The value of enthalpy however,
does not diverge from the typically observed values in
CDW systems84,88. In agreement with the comparison of
∆Cp jump, for the crossover at T1, the values ∆S and
∆H , are significantly larger than for the Peierls transi-
tion at TCDW . This result is unexpected, since typically
the lock-in transition is not associated with the opening
of a new electronic gap, next the one already existing in
the CDW state. The sharp peak shape of this anomaly
can suggest a large role played by CDW order parame-
ter fluctuations44,89,90. The detailed analysis of crystal
structure, as well as of the phonon spectra, performed on
a single crystal is required to elucidate this issue.
IV. CONCLUSIONS
We have examined the physical properties of polycrys-
talline YNiC2 and LuNiC2. The former compound shows
9at TCDW = 318 K Peierls transition with signatures of
BCS - mean field weak coupling scenario, followed by
presumed lock-in crossover at T1 = 275 K. The tem-
peratures corresponding to these anomalies, revealed by
transport, Hall effect and specific heat measurements, are
found to obey the linear scaling with the unit cell vol-
ume, observed previously with lanthanide-based RNiC2
compounds. Both studied materials show large magne-
toresistance in the CDW state, reaching 470 % for YNiC2
and 50 % for LuNiC2 at T = 1.9 K and B = 9 T. To dis-
cuss its origin, we have combined the analysis of thermal
and magnetic field depencence of Hall effect and mag-
netoresistance. We have found that the effect standing
behind such strong magnetoresistive features in YNiC2
and LuNiC2 is the existence of pockets, including at least
one with high mobility carriers, remaining in the Fermi
surface after nesting, caused by fully developed CDW
transition not interrupted by competing orders such as
magnetism or superconductivity.
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